Chest pain is one of the most common reasons for seeking medical attention in the emergency department. In the United States, approximately 5 million symptomatic emergency assistances are estimated to occur, corresponding to approximately 5 to 10% of the total assistance 1, 2 . In our country, data from Datasus show that, in the first half of the 1990s, coronary artery disease accounted for approximately 30% of the total of deaths 3, 4 . Patients presenting with a complaint of chest pain are usually a diagnostic challenge, because several chest disorders may cause the symptom, including those with a high mortality rate, such as acute myocardial infarction. However, only 10 to 15% of the pa tients presenting with chest pain have acute myocardial infarction, and less than 1% have pulmonary embolism or aortic dissection. However, more than 50% of those patients are hospitalized for an extensive and expensive diagnostic investigation [5] [6] [7] . An initial 12-lead electrocardiogram is diagnostic in only 50% of the patients with chest pain and acute myocardial infarction. A single measurement of CPK-MB has a 35% sensitivity to detect infarction 8 . In addition, approximately 2 to 5% of the patients admitted to the emergency department with the cited symptoms are inadvertently discharged from the hospital without a diagnosis, which results in an increase in morbidity and mortality. The complications of these patients, including death, result in 20% of the lawsuits due to medical malpractice in the USA 9, 10 , and they may be found in young patients with atypical chest pain and normal or nondiagnostic electrocardiograms.
Exercise testing is a widely available and inexpensive method, a well-studied diagnostic and prognostic tool for chronic coronary artery disease. However, its role in the diagnostic and prognostic stratification of patients with chest pain and with an uncertain diagnosis in the emergency department has not been well established.
Since the beginning of the 1990s, exercise testing has been used to stratify very low-risk symptomatic patients [11] [12] [13] . With the appearance of systematic strategies for the assis-tance of these patients in chest pain units and the inclusion of myocardial necrosis markers, enabling more safely ruling out the possibility of acute myocardial infarction and highrisk unstable angina, the method has been used in patients with a low to intermediate probability of acute myocardial infarction and low risk for cardiac events. The method has also been extended to patients with a previous history of coronary artery disease and intermediate-and low-risk unstable angina after clinical stabilization 14 . At the Hospital Pró-Cardíaco, exercise testing began to be used in a pioneering way in Brazil in patients with low-risk chest pain 15 . Our objective was to assess the safety, feasibility, and the results of early exercise testing in emergency department chest pain patients, in whom acute myocardial infarction and high-risk unstable angina had been ruled out.
Methods
A prospective cohort study was carried out in 1060 patients assisted at the emergency room of the chest pain unit of a tertiary cardiology hospital from November 1996 to May 1998. The patients had nontraumatic acute chest pain lasting less than 12 hours.
The patients underwent a diagnostic evaluation protocol (Chest Pain Project). At first, the type of chest pain and the characteristics of the electrocardiogram on hospital admission were assessed. Then, patients were assigned to diagnostic strategies or routes, in which procedures of diagnostic and prognostic determination and therapeutic management were predetermined (measurement of myocardial necrosis markers, chest radiography, and echocardiography), and, finally, they were referred or not for exercise testing.
The following patients were excluded from the study: patients with acute myocardial infarction; with elevation in the ST segment; with type A/B chest pain and depression in the ST segment or inversion in the T wave, or both; and with left bundle-branch block and type D2 chest pain (noncardiac).
The chest pain was classified into 4 types: type A, definitively anginal chest pain; type B, probably anginal chest pain; type C, probably nonanginal chest pain; type D, definitively nonanginal chest pain (subdivided into 2 subgroups: D1 -without a high suspicion of another diagnosis, and D2 -with a high suspicion of another diagnosis).
After classifying the type of chest pain, the 18-lead electrocardiogram (12 conventional plus 4 right precordial plus 2 dorsal leads) was performed at 3-hour intervals until 9 hours (0-3-6-9 hours), according to the route assigned. The electrocardiograms were classified into 4 types as follows: 1) with elevation of the ST segment; 2) with depression of the ST segment or inversion of the T wave; 3) with left bundlebranch block; 4) normal or unspecific 16 . The patients with chest pain and electrocardiograms strongly suggestive of acute myocardial infarction referred to the coronary unit were assigned to route 1. The patients with electrocardiographic changes in depression of the J-ST segment or inversion of the T wave, or those with type A/B chest pain but with no electrocardiographic alterations indicating myocardial ischemia were assigned to route 2. Due to the high likelihood of having unstable angina and the medium likelihood of having acute myocardial infarction, these patients remained in the emergency department, where they underwent serial electrocardiographic and enzymatic evaluations (3/3 hours) and echocardiography in the following 9 hours. The patients with chest pain whose characteristics did not allow complete exclusion of acute coronary heart disease (type C) and with no electrocardiographic changes in myocardial ischemia were assigned to route 3. Due to the low likelihood of having unstable angina and acute myocardial infarction, these patients also remained in the emergency department, where they underwent serial electrocardiographic and enzymatic evaluations (3/3 hours) in the following 6 hours. Those patients assigned to route 2 who were asymptomatic and had no recurring ischemia were referred for exercise testing (within 24 to 48 hours). On the other hand, patients initially assigned to route 3 and with no myocardial ischemia during the evaluation period in the emergency department underwent exercise testing within 9 to 12 hours after admission.
The patients with chest pain considered nonanginal (type D) and with no electrocardiographic changes indicating myocardial ischemia were assigned to route 4. They underwent exercise testing immediately or were discharged with the recommendation to undergo exercise testing later ( fig. 1) .
In this study, CK-MB and its relation to CPK, markers of myocardial necrosis, were considered references for the diagnosis of myocardial necrosis. Measurements were performed at 3-hour intervals until 9 hours according to the route assigned 16 . The study was approved by the committee on ethics and research of the Hospital Pró-Cardíaco.
Exercise testing was performed in a laboratory connected to the emergency department by using analysis of 13 leads with the modified lead system of Mason and Likar 17 , with CM5 (a lead similar to V5), in a Micromed computerized device and Ibramed treadmill. Most protocols used were by Bruce et al 18 or adapted to the biomechanical conditions of the patients, according to the physician responsible for the examination, and always symptom-limited. After undergoing the examination, the patient returned to the emergency department, where the route assigned and the result of the test were analyzed. The patient, then, was discharged or admitted to the hospital to proceed with the investigation. wave; depressed response of or drop in heart rate during exercise (in the presence of ischemic changes in the ST segment), when the patient was not receiving beta-blockers; a plateau or drop in systolic blood pressure > 10 mmHg (as compared with the previous stage or rest) on exertion associated with ischemic changes in the ST segment.
According to the result, the exercise tests were classified as: positive -in the presence of the criteria for positivity: anginal pain or changes in the ST segment or hemodynamic changes, or both; negative -in the absence of ischemia, with heart rate > submaximal; inconclusive -when the patient did not reach the heart rate required (85% of the previewed maximal heart rate), receiving or not beta-blockers, in the absence of ischemic changes on the electrocardiogram or angina.
The statistical analysis was performed as follows: 1) in the comparison of the middle levels of the 3 groups of patients (ex: positive, negative, and inconclusive), the analysis of variance (ANOVA) or the Kruskal-Wallis test was used. The Tukey test and the multiple comparisons test based on Kruskal-Wallis statistics were used to identify the groups differing amongst themselves; 2) for comparing the means between 2 independent groups, the Student t test or the Mann-Whitney test was used; 3) for comparing the proportions, the chi-square test or Fisher exact test was used. The significance level adopted was 5%.
Results
From November 1996 to May 1998, 1060 consecutive patients with chest pain were admitted to the emergency room of the chest pain unit and included in the assessment protocol after mutual consent of the patient and the assistant physician. Their mean age was 59±15.3 years, and males prevailed (62.7%). Almost half of the patients had type A/B chest pain, 43.4% were assigned to route 2, and 27% had a previous history of coronary artery disease. The electrocardiogram was normal or unspecific in 65.5% of the patients, and 39.4% of the patients were hypertensive (tab. I). The following 383 (36.1%) patients were excluded from the study: 28 (2.6%) patients with left bundle-branch block on the electrocardiogram on hospital admission; 81 (7.6%) patients with type A/B chest pain and depression of the ST segment or inversion of the T wave, or both; 20 (1.8%) patients with elevation of the ST segment; 164 (15.4%) patients with acute myocardial infarction; and 90 (8.4%) patients with type D2 chest pain. Six hundred and seventy-seven (63.8%) patients were eligible for exercise testing according to the protocol, but only 268 (39.5%) underwent the test, constituting the population studied. The test was not performed in 409 (60.4%) patients ( fig.2 ), due to some of the following reasons: recurring chest pain, progressive electrocardiographic changes, hemodynamic instability, and instability of the myocardial necrosis markers, not completing the protocol. Some patients did not complete the protocol because of one of the following reasons: learning curve; patients who underwent another method of stratification (myocardial scintigraphy or stress echocardiography); patients unable to walk on the treadmill; and those who did not accept taking part in the study.
The 268 patients undergoing exercise testing were significantly younger (51.7±12.1 years) than those not undergoing the test (p=0.0001). Most of them were males and they had a higher incidence of dyslipidemia, tobacco use, and familial history of coronary artery disease, and were more frequently assigned to route 3. Those not undergoing exercise testing were more frequently assigned to route 2, had a greater incidence of type A/B chest pain and a previous history of coronary artery disease (characterizing a group at higher risk). Analysis of the admission electrocardiogram indicated that systemic arterial hypertension and diabetes mellitus were not different between the groups.
The characteristics of the patients undergoing exercise testing were as follows: 44 (16.4%) males aged ≥ 60 years; 186 (69.4%) were assigned to routes 3/4; 244 (91%) patients had a normal or unspecific electrocardiogram on admission; and 154 (57.4%) patients had type C/D chest pain on admission (tab. II).
The results of the exercise test were as follows: 34 (13%) patients had a positive exercise test, 191 (71%) had a negative exercise test; and 43 (16%) had an inconclusive test.
Correlating the results of the exercise test with the assigned routes, the positive group was observed to have a higher risk on admission; negative results were more frequent in those assigned to routes 3 and 4 (considered having a lower risk on admission) P=0.0001) (tab. III).
A significant correlation was observed between the route assigned and the time for performing the test (p<0.0001), showing that lower-risk patients (routes 3 and 4) underwent the test earlier. However, approximately 56% of the patients following the protocol in the emergency room underwent exercise testing within the first 12 hours after admission, including 27% of those assigned to route 2, who were to undergo exercise testing later.
When the results of the exercise test (positive, negative, and inconclusive) were correlated with the clinical and electrocardiographic variables (univariate analysis), we observed that the patients with positive and inconclusive results belonged to a significantly older age group, with a higher incidence of type A/B chest pain, of previous coronary artery disease, and were more frequently assigned to route 2. The patients with positive tests more commonly had diabetes mellitus, and those with negative tests were more frequently assigned to routes 3 and 5 (p<0.0001).
The use of beta-blockers was more significant in patients with inconclusive tests (p<0.0001). However, those with positive tests were receiving more drugs than those with negative tests.
The electrocardiogram on admission showed no statistical significance when correlated with the results of the exercise test; the same occurred with the following variables: systemic arterial hypertension, dyslipidemia, tobacco use, and familial history of coronary artery disease. On the univariate analysis of the results of the test (positive, negative, and inconclusive) with its parameters, we observed a greater proportion of the reduced SBP and hypertensive curves in the group with positive and inconclusive tests, no significant difference being observed between them. The same patients had a mean tolerance to exercise METS (metabolic equivalent), analyzed in the numeric form, significantly lower than that of patients with negative tests. No significant difference was observed between the patients with positive and inconclusive tests. When the double product was analyzed in a numeric form, patients with inconclusive exercise tests were observed to have a mean double product frequently lower than that of patients with positive and negative tests; in the positive test, the double product was lower than that in the negative test (inconclusive<po-sitive<negative) (p=0.0001). Of the patients with positive exercise tests, 19 (56%) had changes in the ST segment during the examination, 12 (35%) had angina, and 3 (9%) had changes in the ST segment and angina. The time interval between patients' admission to the chest pain unit and performance of the exercise test was significantly greater in patients with positive tests than in those with inconclusive or negative tests (p=0.001) (tab. IV).
Of the 268 patients undergoing the test, 232 (86%) were discharged right after receiving the test results, and 36 (13%) were admitted to the hospital due to events or to undergo complementary diagnostic testing.
Of the 34 patients with positive tests, 21 (69%) were referred for cine coronary angiography, 11 underwent angioplasty, and 2 underwent myocardial revascularization. In that group, 3 patients had normal coronary arteries, and 5 had insignificant coronary artery lesions. Of the 13 patients (38%) with positive exercise tests who did not undergo cine coronary angiography, 4 underwent myocardial scintigraphy, which was negative for ischemia.
Exercise testing proved to be safe and feasible in patients with chest pain in the emergency room, and no complications were observed during its performance.
Discussion
Rapid triage and management of patients presenting to the emergency department with chest pain continue to be a great challenge for emergency physicians and cardiologists. The need to rule out acute myocardial infarction in the patient with chest pain has led emergency physicians to admit these patients to the coronary unit, resulting in high costs because of complementary examinations and the hospital stay. However, only 20 to 30% of these patients are diagnosed with acute coronary artery disease 19, 20 . Chest pain units have been developed to assess the diagnosis and to stratify the risk of these patients in the emergency room, using protocols and algorithms that along with noninvasive tests will identify the best management strategy for and profile of these patients, who may be safely discharged with a low rate of cardiac events, therefore reducing the costs of assis tance 21 . One of the first studies assessing exercise testing in the emergency room in patients with chest pain, showing the feasibility and safety of the method in low-risk individuals, was performed by Tsakonis et al 11 in a small group of patients. Those with negative exercise tests were followed up for 6 months, and no events were observed, showing that a negative test in the emergency room may avoid unecessary hospital admissions 11 . Zalenski et al 22 , analyzing the sensitivity and specificity of each component used in the chest pain unit to assess patients with chest pain, reported that the best values were reached when the CK-MB measurement, the electrocardiogram at rest, and the exercise test were used together, showing the importance of the strategy of approach in this group of patients. Ninety-six patients with chest pain and low risk for acute myocardial infarction were assessed. In the group undergoing exercise testing, 67% of the patients were negative, 9% positive, and 24% inconclusive. The diagnostic protocol including the test showed a 27% savings compared with the traditional protocol.
Lewis et al 13, 23 , using the Bruce treadmill protocol, assessed 93 patients with low-risk chest pain undergoing early exercise testing. Thirteen per cent of the patients had positive tests, and 6 had significant coronary artery disease on coronary angiography. Eighty-seven per cent of the patients had negative or nondiagnostic tests. In the 13-month follow-up, 1 acute myocardial infarction occurred. Later on, that study had its case series extended to include patients with a previous history of coronary artery disease, suggesting that when the maximal heart rate (> 80%) previewed during the test was reached, it identified the low-risk patients in that group. The same authors, assessing 100 patients with a previous history of coronary artery disease, reported 23% positive tests, 2 of which had a diagnosis of non-Q infarction. In the 6-month follow-up, no acute myocardial infarction or death of cardiac cause was observed.
Michael et al 14 assessed 424 patients with intermediaterisk unstable angina randomized for hospitalization and another 212 randomized for the protocol of the observation unit. The protocol group underwent exercise testing, 46% of the patients had a negative test and were discharged. In the 6-month follow-up, in regard to the rate of events, no statistical significance was observed in any of the groups. The protocol group had a shorter hospital stay at a lower cost.
In our study, of the 1060 patients assisted, 268 (25%) patients considered at low risk underwent exercise testing. In the study by Polanczyk et al 24 assessing 276 patients with low-risk chest pain undergoing exercise testing within 48 hours after admission to the emergency room, 27% of the patients underwent exercise testing. The test was negative in 71% of the cases, and, in the 6-month follow-up, those patients had a smaller number of aditional visits to the emergency room and a smaller number of readmissions than those with a positive or inconclusive test.
The age bracket of our patients was 51.7±12.1 years, constituting an older group than those in other studies of patients with low-risk chest pain; 70% were males 8, 13, 25 . Analyzing the group of patients undergoing and not undergoing exercise testing, we observed that the group being tested more frequently had dyslipidemia and a familial history, and smoked, although the previous history of coronary artery disease was significantly greater in the group not tested, [n = 28 (10%)]. The demographic and clinical data in our study showed that the group undergoing exercise testing had a lower risk for events as compared with that of the group not being tested according to NHBL (National Heart, Lung and Blood Institute) criteria 26 . However, when compared with other studies, we observed that that population had a higher risk with a history of previous coronary artery disease of 10% 8, 13, 25 . In regard to the time elapsed between admission and exercise testing, 56% of the patients underwent the test within less than 12 hours, including 22 (27%) patients assigned to route 2 (higher risk), who should undergo the test later. This is due to the fact that with the use of systematized programs to rule out acute myocardial infarction and high-risk unstable angina, these patients may have been referred earlier for noninvasive stratification with exercise testing. The study by Lewis et al 13 used immediate exercise testing (performed within the first hour after admission), but in a population at very low risk. In another study with a low-risk population, the exercise test was performed within 12 hours in 7% of the patients and between 12 and 24 hours in 45% 24 .
The time elapsed between admission and exercise testing was greater in the group of patients with positive tests, because most of them were assigned to route 2, in which the 27 . The present study showed that, when the clinical findings were correlated with the results of the positive exercise test, that group was significantly older, had a higher incidence of type A/B chest pain and a history of previous coronary artery disease. Diabetes mellitus has been considered in the literature and in clinical practice as a high-probability predictor of coronary artery disease on admission and has been used as a risk marker in the protocols of chest pain units 28 . In our study, the patients with diabetes mellitus more frequently had a positive exercise test, and this was the only significant clinical marker found.
Of the 268 patients undergoing exercise testing, 34 (13%) had a positive test, 43 (16%) had inconclusive tests, 191 (71%) had negative tests, and 232 (86%) patients were sent home from the emergency room immediately after receiving the test results. Previous studies have shown a low rate of positive exercise tests, which may range from 0 to 12% in the low-risk population 29 . Inconclusive exercise testing continues to be a great challenge in assessing patients with chest pain in the chest pain unit, mainly because it does not safely define the discharge of this group of patients.
In our study, the inconclusive test represented 16% of the tests performed. Some studies have shown that an inconclusive test relates to a good prognosis in 30 to 180 days 30, 31 . The frequency of inconclusive tests has increased in studies. Kirk et al 25 reported a frequency of 28%. Dierckes et al. 32 reported a frequency of 34%, with a rate of events of 3.4%. Many of those patients with a higher probability of coronary artery disease prior to the test and not apt to the test were females, who had a sedentary lifestyle and used medications that changed the heart rate curve.
In our study, most of the patients with inconclusive tests were females on beta-blockers. Inconclusive tests were analyzed along with positive tests, because their prognostic value for cardiac events is still unknown, and patients with high-risk clinical criteria are not identified on admission. In our service, the patients with inconclusive tests are not immediately sent home from the emergency room, because they undergo other complementary examinations, such as imaging tests, before leaving.
Exercise testing is safe, and no complications have occurred during its performance. The safety of the method in the group of patients studied has also been reported in other studies [22] [23] [24] 32 . Amsterdam et al 33 , studying more than 1000 patients with low-risk chest pain, reported a rate of complication < 1% during exercise testing.
The results of our study may have implications in clinical practice. The way of approaching patients with chest pain in the emergency room by using a protocol of risk stratification seems to provide more safety to the emergency physician when sending the patient home from the emergency room.
The applicability of this strategy in a higher number of hospitals in Brazil, mainly in public health assistance, is interesting, because the investment needed to start a chest pain unit in an already existing emergency room is not high. The use of a systematic assistance strategy with diagnostic flowchart and trained staff aims at increasing the quality and safety of assistance and reducing hospital costs, as shown in the present study.
